A comparison of the efficacy of different swab types in the absorption and elution of spermatozoa by Field, Jennifer Cochrane
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Boston University Theses & Dissertations
2013
A comparison of the efficacy of
different swab types in the
absorption and elution of
spermatozoa
https://hdl.handle.net/2144/21150
Boston University
BOSTON UNIVERSITY 
 
SCHOOL OF MEDICINE 
 
 
 
 
Thesis 
 
 
 
 
A COMPARISON OF THE EFFICACY OF DIFFERENT SWAB TYPES IN THE 
ABSORPTION AND ELUTION OF SPERMATOZOA 
 
 
by 
 
 
JENNIFER COCHRANE FIELD 
 
B.S., University of Maine, 1993 
M.A.T. Emmanuel College, 2003 
 
 
 
 
 
 
 
 
 
 
Submitted in partial fulfillment of the 
 
requirements for the degree of 
 
Master of Science 
 
2013 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
© Copyright by 
JENNIFER COCHRANE FIELD 
2013
 
Approved by 
 
 
 
 
 
 
 
 
 
First Reader   
  
Amy N. Brodeur, M.F.S. 
Instructor, Program in Biomedical Forensic Sciences 
 
 
 
 
 
 
 
 
 
Second Reader   
  
Catherine Grgicak, Ph.D. 
Associate Professor, Program in Biomedical Forensic Sciences 
  
 
 
 
 
 
 
 
 
  
 
     
 iv 
 
 
DEDICATIONS 
 
This paper is dedicated to my entire family for without their encouragement I 
would not have been able to complete this research or this degree.  
Especially to my immediate family for their support 
Jay S. Field 
Julia E. Field 
Joel D. Field 
 
 
“Whatever you can do or dream you can, begin it. Boldness has genius, power, 
and magic in it.” 
 
-Johann Wolfgang von Goethe 
v 
 
 
ACKNOWLEDGEMENTS  
 
I would like to thank the instructors in the Boston University Biomedical Forensic 
Sciences Program for all of the support and time that they have given me during 
my time at BU. I would also like to acknowledge Boston University Graduate 
School of Medicine for the resources which enabled me to complete this 
research. 
 
I would like to acknowledge my third reader, Rae Maloney, who took time out of 
her busy schedule to help me. 
 
A special acknowledgement goes to the GFWC’s Marlborough Massachusetts 
Junior Woman’s Club (and their husbands) for their willingness to participate in 
this study. 
  
vi 
 
  
A COMPARISON OF THE EFFICACY OF DIFFERENT SWAB TYPES IN THE 
ABSORPTION AND ELUTION OF SPERMATOZOA 
 
 
 
JENNIFER COCHRANE FIELD 
 
Boston University School of Medicine, 2013 
 
Major Professor: Amy Brodeur, MFS, Instructor of Biomedical Forensic Sciences 
 
ABSTRACT 
 
Swabs are an integral part of any forensic science “toolkit”. They can be 
used to gather many types of evidence at crime scenes, in the lab, or even in the 
hospital or morgue. Cotton swabs have been the traditional choice for most 
forensic laboratories, and for sexual assault kits.  They have been the obvious 
choice for decades as cotton swabs were really the only option and they were 
and still are relatively inexpensive and easy to obtain. In the past dozen years or 
so, new synthetic fibers have been incorporated into novel swab designs. Fiber 
swabs can be made of polyester or rayon, polyurethane foam swabs can be 
round, narrow, oval or arrow shaped; swabs can also be flocked, or sprayed with 
strands of material such as nylon. The effectiveness of any type of swab used to 
collect biological material is based on three characteristics: the ability to pick up 
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the material for which they are designed, the ability to hold that material until 
processed and then the ability to release as much of that material as possible to 
be analyzed in the lab.  
In this study, the efficacy of four different commercially available swabs to 
collect, store and release spermatozoa was evaluated. Puritan Cotton fiber 
swabs, Fisher Polyester fiber swabs, Fisher polyurethane swabs, and Copan 
nylon flocked swabs were all compared for their ability to pick-up and elute cells 
from solid surfaces. The surfaces included three types of commonly found tile: a 
smooth glossy ceramic tile, a rough non-porous ceramic tile, and a smooth semi-
porous quarry tile. In general, polyester fiber swabs outperformed both the 
polyurethane foam and the nylon flocked swab when used on all three surfaces 
(P < 0.05). Polyester swabs were not significantly different from the cotton fiber 
swabs even though the average number of cells picked-up and eluted was higher 
overall.  
Swabs used to collect postcoital samples were also compared. Volunteer 
couples were given a variety of swabs to use after intercourse. The result of the 
comparison for the same four swab types when used as postcoital swabs was 
different from the results of the tile study. After estimating the number of cells 
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collected and released from each swab, a comparison was made within each 
couple. Nylon flocked swabs yielded the highest level of cellular material overall 
and foam swabs recovered the least. This study demonstrates the need for 
further research into different swab types and in what capacities they are to be 
used in forensic science.  
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Glossary 
 
Anhydo-glucose: chains of glucose molecules formed by dehydration synthesis 
whose bonds break upon the addition of a water molecule 
Azoospermic: a condition which is natural or surgical which results in having no 
sperm production  
Chlamydia trachomatis: a sexually transmitted bacteria 
Endocervical: referring to samples taken from within the cervix 
Haploid: having half the total number of chromosomes (23 for humans) 
Oligospermic: a condition resulting from natural, artificial, or environmental 
causes which results in lower than average sperm production 
+4 System: a system in which each field viewed through the microscope is 
labeled either 0, +1, +2, +3 or +4 according to the number of sperm cells present 
Postcoital: after sexual intercourse  
Semen: a complex mixture of fluid which contains, among other things, 
spermatozoa, acid phosphatase, semenogelin, and prostate-specific antigen 
Spermatozoa: motile male gametes 
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1. Introduction 
In the year 2010, according to the Department of Justice (1), there were 
143,300 females (aged 12 and older) victimized by rape or sexual assault in the 
United States. Over fifty percent of these crimes were completed rapes or sexual 
assaults (in contrast to attempted rapes and sexual assaults) and twenty two 
percent of these crimes were committed by strangers (1). According to the 
National Crime Victimization Survey distributed by the Department of Justice, 
rape includes “…the unlawful penetration of a person against the will of the 
victim, with the use or threatened use of force, or attempting such an act…” 
whereas sexual assault includes “…unwanted sexual contact between victim and 
offender…” (1[2]). Because rape usually takes place only in the presence of the 
victim and perpetrator(s), there may be no external witnesses available for 
questioning, but evidence in the form of semen, a complex mixture containing 
spermatozoa suspended in seminal fluid, can be used to help confirm both the 
act and the perpetrator.  
A normal human male ejaculation ranges in volume from 2-5 mL of semen 
and contains an average of one million sperm per milliliter (2). However, it is 
common for perpetrators of rape to have an incomplete ejaculation or even to 
have no ejaculation at all.  In a study in Denmark, a representative subset of 
women who were raped reported that ejaculation took place only 41% of the time 
(3). This being the case, even though semen and spermatozoa are highly sought 
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after, this type of evidence may only be present in extremely low amounts, if at 
all.  
The products of meiosis, spermatozoa are haploid cells that originate in 
the seminiferous tubules within the testes and mature in the epididymis. 
Spermatozoa are motile male gametes consisting of a head, a mid-piece and a 
tail. The head of a spermatozoon contains highly compacted genetic material 
from the male donor within the nucleus and has an acrosomal cap on the anterior 
end which contains enzymes necessary for the fertilization of an egg cell. Very 
little cytoplasm and no other membrane bound organelles are present in this part 
of the cell, which makes it one of the smallest cells in the human body: roughly 5 
µm in length by 3 µm in width. The mid-piece contains mitochondria that produce 
the energy required for the motion of the long (approximately 20 µm) tail, but do 
not enter the egg upon fertilization. Even though sperm cells are unique in their 
morphology, morphological abnormalities can be observed in approximately 40% 
of spermatozoa in a given ejaculation (2) which can make such spermatozoa 
difficult to accurately identify microscopically, especially when the tails have 
detached (Figure 1). Even prior to the advancement of DNA profiling, 
spermatozoa had been very important evidence in a sexual assault case. In light 
of the ability to complete DNA analyses, spermatozoa are even more critical now 
because even though these cells are haploid, they can yield important genetic 
information about the donor. 
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The earliest records of spermatozoa being used to identify a seminal stain 
date from the early 1800’s.  Although sperm cells were microscopically identified 
much earlier, Anton von Leeuwenhoek wrote about the discovery one of his 
students made of “living animals” inside fresh semen as early as the late 1600’s 
(4). Viewing spermatozoa microscopically can be difficult using only phase 
contrast, therefore the cells are typically stained to make them more visible within 
a matrix of other cellular and non-cellular material. Due to the large nucleus and 
virtual lack of cytoplasm in the head of the sperm cell, a nuclear dye will color it 
entirely. The use and description of Kernechtrot-picroindigocarmine (KPIC), or 
Christmas Tree Stain, which involves using both nuclear fast red (which colors 
nuclei red) and picroindigocarmine (which colors cytoplasm green), has been 
available since the late 1960’s and early 1970’s (4). The combination of these 
Figure 1 - Spermatozoa and vaginal epithelial cells stained with KPIC. A 
photomicrograph depicting two spermatozoa and two nucleated epithelial cells at 400X 
stained with KPIC, or Christmas Tree Stain. The nuclear material is dark red while the 
acrosomal cap is pale red. The tail (present for one sperm cell) is green, as is the 
cytoplasm of the epithelial cells.  
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two stains is still a common way to visualize sperm cells which are immersed in a 
matrix of epithelial cells and other biological and non-biological material; it has 
been found to be superior in both effectiveness and ease of use to hematoxylin-
eosin (5), another staining technique that dyes cellular material purple and pink. 
Because some males are oligospermic (low sperm count) or azoospermic 
(no sperm), the numbers of spermatozoa can be extremely low or may not even 
be present in a semen stain. In such a case, there are several different molecular 
assays which can be used to help identify the stain as semen. Seminal fluid 
consists of secretions from the seminal vesicles, prostate and bulbourethral 
gland and contains several molecules, such as Acid Phosphatase (AP), Prostate-
specific Antigen (P-30), also called Prostate-Specific Antigen (PSA) and Seminal 
Vesicle-Specific Antigen (SVSA), also called Semenogelin (Sg), which can be 
detected quickly using colorimetric tests or immunoassay cards. While AP is 
present in high amounts in seminal fluid, this enzyme can also be found in other 
body fluids from both males and females. Therefore, its presence can only be 
used presumptively as an indicator for seminal fluid and to prompt further testing 
(6). P-30 is a non-specific protein that is not limited to the prostate, but can be 
found in other body fluids such as blood, breast milk and urine (6). Both AP and 
P-30 are reliable screening tests for seminal fluid, but should not be considered 
confirmatory for the presence of semen. SVSA can be found in other body 
tissues (7), but not in breast milk, urine or other body fluids, and is therefore 
considered more indicative of seminal fluid than either AP or P-30. While 
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chemical tests can aid in determining if semen stains are present, the recovery 
and microscopic identification of spermatozoa is proof that sexual contact 
occurred (2).  
Not only is the microscopic visualization of spermatozoa confirmation of 
the presence of semen, it’s persistence in the vagina is generally longer than that 
of other indicators of ejaculation (8,9). This is critical in cases where the victim 
does not come forward within 72 hours. A study of 418 cases of sexual assault 
on juvenile and adult males and females showed that only 42% of victims were 
examined within 72 hours of the crime and the rest sometime after this (10).  
Allard (8) collated information from a number of case studies and reported low 
levels of spermatozoa persisted in the vagina for 5-6 days and that high numbers 
of spermatozoa were commonly found up to three days after deposition. This 
finding correlates with other studies in which the numbers of spermatozoa greatly 
decreased after 12 hours, but were found in the vagina up to three days post 
coitus in 174 volunteers (8) and the analysis of routine pap smear samples 
showed that spermatozoa persisted up to seven days in the cervical area (11). 
As victims wait longer to report a rape and be examined, the traces of semen 
become harder to find and the numbers of sperm cells decrease. In turn, this 
affects how much information in the form of DNA evidence can be gathered. 
Traditional methods of DNA profiling result in less complete profiles as the 
time since intercourse increases (12). The degradation of DNA as time passes 
reinforces the necessity for the recovery of the most spermatozoa possible in an 
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older sample. Given the sensitivity of current DNA methods, even the presence 
of a few cells could aid in the identification of a perpetrator.  Ballantine et al. (13) 
found that with selective amplification for loci on the Y-chromosome, the profiling 
of just one diploid cell (about 5 pg) could yield probative DNA results. In the 
same study, it was found that swabs taken up to five days after the event could 
also yield significant Y-STR profiles for analysis. These findings indicate that 
even if there are very few cells present initially, important information about the 
identity of a male perpetrator can be procured if enough cells are recovered.  
Even after samples are collected, there is still a possibility of some cellular 
loss. Goray et al. (14) found that even though DNA loss from swabs in contact 
with swab containers was usually minimal (less than 5%), losses up to 58% could 
occur.  If the sample has a low number of cells to begin with, a 58% loss could 
result in an inconclusive profile. All of this emphasizes the importance of 
swabbing for spermatozoa and being able to recover even low numbers of cells, 
especially if there has been a substantial period of time between the assault and 
the collection of swabs. 
Many victims of rape or sexual assault may not know or even see their 
attacker.  For example, Boston Police Department reported that 51% of 157 
victims who submitted a sexual assault evidence collection kit (SAECK) did not 
know their attacker in the year 2010 (15). Thus, the cellular material garnered 
through postcoital swabs can aid, through DNA analysis, in identifying the 
perpetrator of the crime.  
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Semen is often recovered from vaginal, anal, or oral swabs taken as part 
of a sexual assault kit in an emergency room setting. Swabs can also be used to 
recover suspected semen samples from a crime scene where the semen has 
been deposited on a surface, such as a floor, which makes collecting a substrate 
cutting impossible. Traditionally, cotton fiber swabs have been used both in 
sexual assault kits and at the scene of the crime to recover semen evidence. 
Recently, the efficacy of the traditionally used cotton fiber swab has been 
compared to more newly developed types of swabs. In a Boston University study 
(16), semen with a known sperm cell count was manually deposited on to three 
types of swabs and then dried and eluted. It was found that polyurethane foam 
swabs eluted a higher number of spermatozoa than either the cotton fiber or the 
polyester fiber swabs using any of the eluting liquids tested (water, Phosphate 
Buffered Solution (PBS), and Sodium Dodecyl Sulfate (SDS)). 
The elution of spermatozoa is potentially affected by the “tenacity with 
which sperm cells attach themselves to fibers” (17 [356]). Indeed, Kafarowski et 
al. (18) and Casey (19) found that while acid phosphatase was easily washed 
away, spermatozoa persisted even after machine-washing a cotton garment. 
Cotton fibers are made of cellulose, which consists of repeating anhydro-glucose 
molecules; each unit has three free hydroxyl groups that make it hydrophilic (20). 
This would perhaps be responsible for the failure of the cotton to release sperm 
cells even after washing with water and detergent. Mulligan et al. (21) also 
mentioned the “stickiness” of epithelial cells to cotton swabs and explain that the 
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hydroxyl groups present on the surface of the cotton interact with hydroxyls on 
the surface of the cell to form non-covalent hydrogen bonds.  The persistence 
with which cellular material sticks to cotton would be detrimental in a forensic 
case if it meant that the elution process was not releasing a majority of the cells. 
The worst case scenario would be if spermatozoa were present within the swab 
but not seen microscopically due to a failure to elute. In fact, when cotton swabs 
were treated with cellulase to digest the cotton fibers and leave the sperm and 
epithelial cells intact, the number of sperm cells doubled and an increased 
efficiency of DNA profiling was realized (22). This indicates that there are more 
spermatozoa in the swab than are actually being eluted with traditional methods. 
A study by Benschop et al. (23) revealed that nylon flocked swabs were superior 
to cotton fiber swabs in terms of the numbers of cells and the amount of DNA 
present when both types of swabs were used for postcoital sample collection. 
This was true even when the nylon flocked swab was used after first swabbing 
with a cotton fiber swab. 
The efficacy of swabs used in forensic science plays a vital role in DNA 
processing for identification purposes. In one study (24), swab type was found to 
greatly affect DNA recovery; while cotton swabs proved better for automated 
extraction processes, nylon flocked swabs had better yields when used in 
conjunction with manual extraction procedures. Potentially the woven nature of 
fiber swabs draws the sample into the body of the swab whereas a flocked swab 
will keep the sample on the surface (25), making it more available for interaction 
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with the eluting medium.  Another study by Garofano et al. (26) indicated that 
nylon flocked swabs (Copan brand) were able to recover more trace evidence in 
the form of DNA compared to cotton or viscose swabs (Sarstedt) and absorbent 
pads (Whatman Omniswabs) when used on small amounts of blood, sweat, and 
saliva on a variety of surfaces. These studies may indicate that nylon flocked 
swabs are more efficient in cases where low levels of cellular material is 
expected.  
In fields other than forensic science, studies similar to the Boston 
University comparison study (16) have been conducted. Bourbeau (27) suggests 
that different types of swabs yield different performances in the field of 
microbiology and that even the same type of swab from different manufacturers 
may yield different results. It has been found that nylon flocked swabs are more 
efficient than rayon fiber swabs when swabbing epithelial cells from the nostrils 
(28) and from the mucous membranes of the throat (25). Scansen et al. (29) 
compared nylon flocked swabs to polyurethane foam swabs and found that foam 
swabs were more effective when collecting secretions in the nostrils of patients 
with influenza. In research done by Copan Italia, Kretch et al. (30) found that 
nylon flocked swabs recovered twice the amount of Chlamydia trachomatis in 
vaginal swabs than rayon fiber swabs and that the nylon flocked swabs 
significantly increased the finding of Human Papilloma Virus as well. All of these 
findings suggest that some swabs may be more effective at collecting some 
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materials than others. The testing of various types of swabs is therefore 
necessary to determine a swab’s best use.  
In the present study, the efficacy of different swab types to collect and 
release forensically relevant cellular material was measured in two ways. The 
first method attempted to recreate the collection of samples which might be found 
at a crime scene by depositing known amounts of spermatozoa on three types of 
surfaces: smooth and non-porous, rough and non-porous, and smooth and semi-
porous. After drying, the samples were swabbed using four different swab types. 
Because most swabs in sexual assault cases are used to collect postcoital 
samples from body orifices, the second study attempted to test swab efficacy for 
postcoital vaginal swabs. Monogamous female volunteers were asked to perform 
vaginal postcoital swabbing on themselves with varying variety of swab types 
after separate intercourse events. 
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2. Methods/Materials 
 Four different swabs were evaluated during this study. Individually 
wrapped cotton fiber swabs (Pur-wraps®, Puritan Medical Products) with a six 
inch plastic handle were designated “C”, individually wrapped polyester fiber 
swabs (Fisherbrand®, Fisher Scientific) with a six inch plastic handle were 
designated “P” and individually wrapped nylon flocked swabs (FLOQSwabs™, 
Copan Italia) with a six inch plastic handle were designated “N”; all were sterile 
swabs. Polyurethane foam swabs (Fisherbrand®, Fisher Scientific) with a six 
inch plastic handle were designated “F” and were not sterile. 
 
2.1 Determining Sperm Concentration 
In order to create a sample with a known cell count, an original sample of 
pooled semen from two donors was used. Then 3 µL of semen, diluted with 
distilled water to 1:500, was dropped into each of 5 hand-drawn squares on a 
glass microscope slide measuring 5mm X 5mm. The samples were heat fixed 
over a Bunsen burner and stained using KPIC stain (SERI, Richmond CA). The 
following staining procedure was used: One drop of nuclear fast red was added 
to each sample and allowed to absorb for 15 minutes. It was then rinsed 
thoroughly with distilled water. Next, one drop of picroindigocarmine was added 
to each sample for 2 minutes and then rinsed with ethanol. Slides were air dried 
before mounting with Cytoseal 280 (Richard-Allen Scientific) and a cover slip. 
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The spermatozoa were then counted microscopically with the aid of cell selection 
software (mmi CellCut; Molecular Machines & Industries, Switzerland).  
 
2.2 Method 1 – Tile Study 
Three types of tiles were used in this portion of the study: a smooth glossy 
ceramic tile, a rough non-porous ceramic tile, and a semi-porous quarry tile. A 
grid was drawn on each tile and was labeled 1-4 across the top and with a letter 
designating the swab type down the side (Figure 2). The first row, labeled “C” 
was used for cotton fiber swabs. The second row, labeled “P”, was used for 
polyester fiber swabs. The third row, labeled “F”, was used for polyurethane foam 
(sometimes denoted as “foam”) swabs. The fourth, labeled “θ” was used for the 
negative control. The fifth row, labeled “N” was used for nylon flocked 
(sometimes denoted as “nylon”) swabs which were added to the study at a later 
date.  
Two microliters of 1:2 dilution of semen (~69,000 sperm cells) was 
dropped into each square on the tile and allowed to dry in a fume hood for 30 
minutes until dry.  The various swab types were moistened with 2 drops of 
distilled water then used to swab one stain. The swab tip was used first to 
moisten the stain then the swab was rolled through the stain until all of the liquid 
was collected. Samples were collected for each swab type on each tile type.  For 
nylon flocked swabs, two drops of water were put into separate wells of a spot 
plate and the swab was rolled through the water until most was absorbed. 
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The swabs were allowed to air dry for 24 hours at room temperature. The 
swab tips were cut off in their entirety with clean scissors and placed into micro 
centrifuge tubes and refrigerated for 4-6 days. Two hundred fifty microliters of 
distilled water was added to the tubes and swabs were allowed to elute for 30 
minutes, vortexing every 10 minutes for 5 seconds. Swabs were then transferred 
to mesh spin baskets (Spin-x® Insert, Corning Inc., Corning, NY) and placed 
back into the same tube and centrifuged for 5 minutes at 13,200 rpm. All but 50 
µL of the supernatant was removed and discarded. 
The sperm pellet was resuspended by vortexing for 5 seconds and 2 µL of 
each sample was dropped into a different well on a 12-well slide. A total of five 
slides were made; four consisted of the samples from one swab type and one 
Figure 1 - Tile labels. Each row contained samples for one type of swab (C=cotton, 
P=polyester, F=foam, N=nylon). Smooth semi-porous tile pictured. 
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was used for all of the negative controls. The samples were heat fixed with a 
Bunsen burner then stained with KPIC, and the spermatozoa were counted using 
the aforementioned procedure.  
 
2.3 Method 2 – Postcoital Swab Study 
Different types of swabs were distributed to monogamous women 
volunteers who had a non-vasectomized male partner. Volunteers waited 3 or 
more days after previous intercourse before having intercourse with their partner 
and collecting a postcoital vaginal sample. Partners were instructed not to use 
saliva as a lubricant for intercourse, but other lubricants were not limited. No 
condoms were used and no azoospermic males participated. Each woman was 
given between 2 – 4 different types of swabs in order that a comparison could be 
made between swabs from the same couple. Women were instructed to record 
the time elapsed between coitus and swabbing as well as the activities which 
occurred in the interim. Activities were not limited but women were asked to be 
consistent in their postcoital activities prior to each collection. For example, if 
women showered before swabbing the first time, they were asked to shower 
before subsequent swabbings. Swabs were taken from 1-2 inches inside the 
vagina. Participants were asked to rub the vaginal wall and inner labia with the 
swab, turning the swab and making at least 3 full turns. Swabs were air dried at 
room temperature before being put into paper envelopes or boxes which were 
then sealed and submitted. Samples were stored in a freezer until processed.  
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Two sets of swab kits were distributed: group 1 swabbed within two hours 
of intercourse and group two waited 7-10 hours post coitus. The heads of the 
postcoital swabs were placed in their entirety into micro centrifuge tubes. Swabs 
from the group 1 kits were moistened with 750 µL of distilled water and eluted for 
30 minutes; vortexing took place every 10 minutes for approximately 5 seconds. 
Each pellet was resuspended and 2 µL was spotted onto a 12 well slide and heat 
fixed over a Bunsen burner. The samples were stained and mounted in a manner 
consistent with the methods used for the tile study. Samples from the group 2 kits 
were first diluted with 250 µL of distilled water and processed in a manner 
consistent with the one above. The group 2 samples were then diluted with 500 
µL more of distilled water (for a total of 750 µL) to mimic slides made with the 
group 1 samples; this enabled the slides from both groups to be directly 
compared. The newly diluted samples were then prepared again in a manner 
consistent with the original procedure. 
Slides were evaluated in two ways. Slides from group 1 were evaluated 
with a +4 scoring system (7) that assigned values correlating to the numbers of 
spermatozoa in each microscopic field viewed at a magnification of 400X (Table 
1). The samples from group 2 which were diluted with 250 µL distilled water were 
evaluated in the same manner as the swabs used on the tiles. The samples from 
group 2 which were diluted with the extra 500µL of distilled water were analyzed 
using the +4 scoring system. 
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Table 1 - Criteria used for evaluating spermatozoa numbers in each microscopic 
field. Each sperm cell was counted in each field until the number forty was reached, or 
there were no longer any cells left to count. The field was then assigned a number based 
on the criteria below. 
 
Assigned value Number of spermatozoa in each field 
0 No sperm cells present 
+ 1 1-10 cells 
+ 2 11-25 cells 
+ 3 26-40 cells 
+ 4 >40 cells 
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3. Results 
The semen sample used in this study was pooled from two donors and 
counted manually with the aid of cell selection software. The sample yielded 
approximately 69,000 (±9660 [1SD]) sperm cells per microliter. 
 
 3.1 Tile Study Results 
The results of the tile tests showed a similarity in percent spermatozoa 
recovered in both cotton (31±18% [1SD]) and polyester (39±19% [1SD]); these 
numbers were considerably higher than both foam (18±11% [1SD]) and nylon 
flocked (11±7% [1SD]) when calculated for all trials on all tile types (Table 2). 
Difference in efficacy for individual swab types on the different substrates is also 
apparent when the percent recovery is broken down by tile type. 
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Table 2 - Average sperm cell count and percent recovery for each swab type. 
Shows the overall averages of the counted cells and the percent recovered from the 
original sample (~69,000 ± 14% cells [1 SD]) for each type of swabs on each type of tile. 
Swab type & tile 
type 
Cell count 
averages 
recovered per 2µL 
Total number of 
cells per 50µL 
Total % 
spermatozoa 
recovered from 
69,000 [1SD] 
Cotton total 861 21525 31±18 
Rough non-porous 559 13975 20±10 
Smooth non-porous 1143 28575 41±15 
Smooth Semi-porous 882 22050 32±26 
Polyester total 1087 27175 39±19 
Rough non-porous 1120 28000 41±15 
Smooth non-porous 1393 34825 51±27 
Smooth Semi-porous 748 18700 27±3 
Foam total 510 12750 18±11 
Rough non-porous 402 10050 15±2 
Smooth non-porous 872 21800 32±6 
Smooth Semi-porous 255 6375 9±4 
Nylon total 293 7325 11±7 
Rough non-porous 351 8775 13±10 
Smooth non-porous 300 7500 11±6 
Smooth Semi-porous 228 5700 8±5 
 
 
The average sperm cell counts demonstrate that the polyester fiber swab 
outperformed the polyurethane foam swab (P = 0.01) and both the cotton and the 
polyester fiber swabs outperformed the nylon flocked swab (P = 0.006 and P = 
0.0005, respectively). The difference between polyester and cotton was not 
significant overall (Table 3). When reviewed on an individual basis (grouping data 
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from each type of tile separately), the polyester and cotton showed some mixed 
results whereas the nylon flocked swab was consistently less effective (Figure 3). 
 
 
 
Table 3 - P-Values for swabs: A comparison for each tile type. P-Values for paired 
T-Tests assuming equal variances for all swab types on all tile types. Bold numbers 
indicate a significant difference in efficacy; bolded swab types indicate a higher cell 
recovery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Swab Type 1 Swab Type 2 Smooth Non-
Porous Tile  
Rough Non-
Porous Tile  
Smooth Semi-
Porous Tile  
Cotton Polyester 0.636 0.126 0.766 
Polyurethane 
Foam 
Polyester 0.300 0.044 0.005 
Nylon 
Flocked 
Polyester 0.066 0.057 0.006 
Polyurethane 
Foam 
Cotton 0.364 0.391 0.211 
Nylon 
Flocked 
Cotton 0.032 0.404 0.198 
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Figure 3 - Number of sperm recovered for each swab/substrate type. Each sample 
counted for each type of swab is recorded and the average is shown (1 SD). Both 
polyester and cotton swabs yielded comparable results, but foam and nylon flocked 
swabs were less effective overall for swabbing semen samples on tile. 
 
With regards to the smooth non-porous tile, cotton swabs recovered significantly 
more cells than the nylon flocked swabs (P = 0.03), but the polyester swabs did 
not. Although the average number of cells picked up and eluted was higher by 
roughly 18% for polyester, the standard deviation was almost twice as high, 
making the average value for polyester less precise. If a comparison is made 
between the different types of tile using the same type of swab, another trend is 
observed. The different substrates yielded no significant difference in the efficacy 
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of polyester, cotton or nylon flocked swabs, but there was a significant difference 
for polyurethane foam swabs. The foam swabs performed at least 100% better 
on the smooth non-porous tile than on the rough non-porous tile (P= 0.014) and 
almost 400% better on the smooth non-porous tile than on the semi-porous tile 
(P= 0.007) (Figure 4). On the semi-porous tile, the polyester swab had the 
highest recovery and elution and was significantly better than both foam and 
nylon flocked (P= 0.005 and P= 0.006, respectively) (Table 4). 
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Figure 4 - Number of sperm recovered from polyurethane foam swab. The 
significant difference in efficacy in polyurethane foam swabs when used on various types 
of tile is illustrated (1 SD). The foam swab was more effective on the smooth tile than on 
either of the other two tiles. 
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Table 4 - Recovery of spermatozoa from semi-porous tile. Differences in sperm cells 
counted after pick-up and elution using foam and nylon flocked swabs and using 
polyester and cotton swab on a semi-porous substrate. Significant difference was found 
between polyester and foam as well as between polyester and nylon. 
 
 
 
  
 
3.2 Postcoital Sample Results 
Postcoital swab kits were distributed in two groups, each consisting of two 
or more different types of swabs used in a consistent manner. In group 1, three 
couples participated. Women were given a combination of cotton, polyester or 
foam swabs which they used to take samples within two hours of intercourse 
(Table 5). Two couples participated in group 2. Women were given a combination 
of cotton, polyester, foam and nylon flocked swabs which they used to take 
samples between 7 and 10 hours after intercourse (Table 6).  
 
 
 
 
Swab Type Cotton Polyester Polyurethane 
foam 
Nylon Flocked 
Trial 1 872 700 131 383 
Trial 2 165 677 288 182 
Trial 3 1608 866 346 120 
Average 882 748 255 228 
Standard 
Deviation 
722 103 111 137 
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Table 5 – Group 1 collection data.  
 
 
Sample Swab type Time since 
intercourse 
Activity 
1 P Polyester <30 min resting 
1 C Cotton <30 min resting 
2 C Cotton 30 min - 1h walking 
2 P  Polyester 1-2h walking 
3 F Foam < 30 min walking 
3 C Cotton < 30 min walking 
 
 
 
Table 6 – Group 2 collection data.  
 
 
  
When using the cotton, polyester, foam and nylon flocked swabs as 
postcoital swabs, the results were somewhat inconclusive, but overall cotton 
swabs were outperformed by the three other swabs when making a direct 
comparison between samples taken from the same couples. It became apparent 
when examining the results from group 1, which consisted of samples taken 
within two hours post coitus, that these samples had to be well diluted (750 µL of 
Sample Swab type Time since 
intercourse 
Activity 
4 C Cotton 10h Resting then showering 
4 N Nylon 10h Resting then showering 
5 C Cotton 7h resting 
5 P Polyester 7h resting 
5 F Foam 7h resting 
5 N Nylon 7h resting 
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distilled water) to be able to view individual cells due to the number of cells in 
each sample. Because the volunteers from group 2 swabbed between 7 to 10 
hours post coitus, the numbers of cells could be more easily visualized and 
counted after having been diluted with only 250 µL of distilled water.  
When the spermatozoa were counted individually, the group 2 samples 
show that nylon flocked swabs outperformed all other swab types (Figure 5). 
Results from volunteer 4 show that nylon flocked swabs recovered roughly 40 
times the number of spermatozoa than did the cotton swab. In volunteer 5, even 
though the sperm cell numbers were lower overall, the nylon flocked swab 
collected at least five times the amount of cotton swabs (692 cells and 137 cells, 
respectively), over twice the amount of polyester (281 cells) and 26 times the 
amount of foam (25 cells). 
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Figure 5 - Results of cell counts for the postcoital swabs in group 2. Postcoital 
swabs were taken 10 hours post coitus for volunteer 4 and 7 hours post coitus for 
volunteer 5. 
 
The +4 system is commonly used to quantify spermatozoa on a slide (8) 
when an actual number is either not needed or not possible to calculate. 
However, due the differences in the way samples dried on the glass slides in this 
study, the number of fields present on a slide was not consistent between all 
samples. Because of this, sperm cells were more spread out in some samples 
giving those samples a lower +4 average than another slide with fewer fields 
even if the number of cells on each slide was comparable. In order to determine 
whether or not the +4 average gives an adequate indication of the number of 
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sperm cells in all samples, a minimum number of spermatozoa per slide was 
calculated based on the minimum number of cells in each +4 system category. 
The +4 system averages were then compared to the minimum number of cells 
possible in each sample (Figure 6). Qualitatively, it is observed that the higher 
the average category number as determined by the +4 system criteria, generally 
the higher the amount of sperm cells present. Using the estimated minimum 
number of cells, in the second group (Figure 7) there was an agreement between 
average +4 system value and the actual cell count taken. 
 
Figure 6 –Correlation between +4 system values and minimum number of cells. A 
comparison of the average +4 system number for each sample (after dilution with 750 µL 
of distilled water) with the minimum number of spermatozoa possible in the same 
sample.  
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When comparing the +4 system results for the same types of swabs in 
each group in the postcoital study, cotton swabs in group 1 had higher 
percentages of 0 and +1fields  and foam swabs had the highest percentage of +3 
and +4 fields (nylon flocked swabs were not used in the first group) (Figure 8). In 
group 2, nylon flocked swabs had the highest percentages of +3 and +4 fields 
Figure 7 - A calculation of the minimum number of cells per swab type for group 2. 
The possible number of cells in each sample (after dilution with 750µL of distilled water) 
for the samples of two couples taken between seven and ten hours post coitus. The 
nylon flocked swab shows a higher cell count over all. 
28 
 
and foam, polyester, and cotton all had high percentages of 0 and +1 fields 
(Figure 9). 
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Figure 8 – Percentage of +4 system values for each type of swab in group 1. The 
percentages were calculated based on the combined scores of the three different swab 
types used as postcoital swabs in group 1 (nylon flocked swabs were not used in group 
1). 
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Figure 9 - Percentage of +4 system values for each type of swab in group 2. 
The percentages were calculated based on the combined scores of the four different 
swab types used as postcoital swabs in group 2. 
 
  
30 
 
4. Discussion 
 
The importance of finding spermatozoa as evidence in a sexual assault 
case cannot be over emphasized. Sperm cells are not only part of the evidence 
which proves that a sexual act, in fact, took place but are also evidence which 
can link a suspect to the crime through DNA analysis. Because often few if any 
spermatozoa are present at the crime scene or on the victim, the effectiveness of 
the collection becomes a critical consideration.  
 
4.1 Tile Study  
In a previous Boston University study (16) examining the efficacy of swab 
types and solvents on the recovery of spermatozoa, polyurethane foam swabs 
out-performed both cotton and polyester swabs in their ability to elute 
spermatozoa regardless of the solvent used. As an extension of that discovery, 
this study was performed in order to answer the question of whether the 
increased elution was due to a lack of affinity for the cells, which would therefore 
lead to reduced absorption. Indeed, this was the case when using the swabs for 
picking up spermatozoa from tiles. 
The polyester swabs, showed a higher yield in the number of cells 
recovered across all tile types than each of the other swabs, but it was only 
statistically different from the number of cells recovered by the nylon flocked 
swabs. The differences in the ability to pick up and elute cellular material for each 
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type of swab are probably due to the physical and chemical structure of the swab 
itself. These structures can vary greatly (Figure 10).  
 
Figure 10 - Photomicrographs of the four different types of swabs at 40X and 
corresponding postcoital samples at 100X. Top: the four different types of swabs 
used in this study at 40X: Polyester (A), Cotton (B), Polyurethane Foam(C), and Nylon 
Flocked (D). Bottom: postcoital samples taken 7 hours after intercourse at 100X. 
Increased ability to pick up and release cellular material is seen in the nylon flocked 
swab (D). 
 
Nylon flocked swabs are attached to a plastic handle and have no 
absorbent core; instead nylon fibers radiate out perpendicularly from the handle. 
This adds to the surface area of the swab and increases its ability to elute the 
sample (31). There was difficulty when attempting to moisten the swab with 
water, however, which made this swab troublesome to use. Distilled water 
dropped on to the nylon flocked swab rolled off the side rather than being 
absorbed. The difficulties of wetting a nylon flocked swab were also noted by 
Brownlow (19) who stated that it took more time and care to wet the flocked swab 
than the cotton fiber swab. In order to wet the nylon flocked swab, 2 drops of 
distilled water were placed into a well plate and the swab was rolled in the water 
A B
 A  
D C 
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until most of it was absorbed (residual water was present for all of the nylon 
flocked swabs). 
Fiber swabs, on the other hand are very absorbent but tend to wick 
materials, such as cells in suspension, into the interior of the swab (31). In order 
to be eluted, the cells must be released from within the inner matrix of the swab. 
However, the polyester fiber swabs used are actually described by the 
manufacturer as “non-absorbent” (32). This lack of absorptivity suggests the 
polyester swab would have an advantage in more completely eluting the sample. 
The ability for polyester to release cells was observed in the tile portion of the 
study where the polyester swab did yield high cell numbers overall. Due to the 
hydrophilic nature of cotton, a cotton fiber swab would likely wick water-based 
solutions and suspensions into its core more completely than polyester. 
Potentially, this problem could be overcome by cutting the swab into pieces 
before it is eluted (23), by shaving the swab head off the handle (34), or by 
digesting the cotton with the enzyme cellulase such as in the study by Voorhees 
et al. (22), who successfully increased the number of sperm cells and the amount 
of DNA recovered from cotton swabs by adding a fungally-produced cellulase 
with the elution buffer.  
The foam swabs used were “open cell” polyurethane (33), which makes 
them soft and absorbent. Typically, this type of swab is used in cleanrooms to 
test for the sterility of lab surfaces. The holes in the foam provide increased 
surface area on which to adsorb materials such as cells. The open quality of the 
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foam should also facilitate elution. This ease in elution was found when cellular 
material was applied directly to the foam tip (16).  
In addition to all of the physical differences in the swabs tested, there are 
distinct chemical differences as well. The ability of the swab to adsorb, store and 
desorb the semen sample would also be changed by the hydrophilicity or 
hydrophobicity of the swab material. 
It is possible that there is no one swab which will outperform all others in 
all uses. Indeed, reviewing the results from this study and other swab studies, 
this seems to be the case. The ability of the foam and nylon flocked swabs to 
pick up and elute cellular material from a solid non-porous substrate was quite 
poor. This is in direct conflict with several studies that tested the ability of nylon 
flocked swabs to pick up and elute cells from a solid non-porous substrate. 
Brownlow et al. (24) found that cotton swabs and nylon flocked swabs gave 
comparable results for amount of DNA recovered when used to swab dry saliva 
samples from a petri dish (the swab was moistened prior to swabbing). The 
authors proposed that the method of processing (they were shaved from the 
handle) for the cotton swab may have resulted in a higher elution of cells due to 
the exposure of the internal structure of the swab. Squassina et al. (34) swabbed 
dry saliva samples from a clean surface (unnamed type) and found that nylon 
flocked swabs (Copan Italia) moistened with sterile demineralized water provided 
at least 75% more DNA than polyester swabs (and rayon swabs) when using the 
same method. In contrast to the aforementioned studies which focused on 
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epithelial cells, this study examined the efficacy of swabs to recover sperm cells 
from a substrate. The differences between the cell structures and chemical 
interaction with the swab make a direct comparison between these studies 
difficult. Further, differing results could indicate that the type of cell being sought 
may need to be considered when choosing a collection tool. 
In this study, the numbers of sperm cells eluted from the different types of 
swabs used on the various types of substrates were extremely variable; several 
factors could have caused this. One factor could be that spermatozoa tend to 
clump together which may have influenced how the cells were picked up by the 
micropipette to be deposited on the tile and/or slide. There were many clumps 
apparent in samples collected with the nylon and cotton fiber swabs, which also 
made counting challenging. Fewer clumps were present in the foam and nylon 
flocked swab samples, potentially due to their low ability to pick up cells initially.  
The use of the cell selection software, although more accurate than 
counting and tallying cells while observing them through the ocular lens of a 
microscope (16), was not efficient. The screen resolution was poor, making the 
spermatozoa difficult to see, especially when they were clumped. Also, the labels 
for the cells drifted as the screen moved so sometimes it was not apparent if a 
cell had been counted or not.  Because the screen moved slowly, the amount of 
time it took to actually count each sperm in a sample, especially for cotton and 
polyester swabs was prohibitive.  
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When swabbing, each swab was moistened with water, then the tip was 
used to moisten the stain. The moisture that was left on the slide was then picked 
up by rolling the sides of the swab through the moisture. The cotton swab was 
better able to pick up all of the liquid on the tile than the polyester swab, which 
had some residual moisture after swabbing. Both the foam and the nylon tended 
to leave more moisture on the tile after swabbing. This would indicate that some 
sample was consistently left on the substrate after swabbing with either nylon 
flocked or polyurethane foam. The double swab technique as discussed by 
Sweet et al. (35) where one moist swab is used first, followed by a dry swab to 
pick up residual moisture, could be beneficial, especially on a non-porous 
substrate.  
Not only does cellular material get left behind on a substrate after 
swabbing, some cellular material also remains in the swab after elution.  McGrath 
(16) found that polyurethane foam swabs consistently released approximately 
55% of the spermatozoa when eluted with distilled water whereas polyester fiber 
swabs eluted roughly 27%. The same study also found that cotton swabs 
consistently only eluted about 10%. This result is consistent with Voorhees et al. 
(22) who recovered roughly 12% from cotton swabs treated with citrate buffer. 
Given these studied and one published by Väre et al. (25), which found that nylon 
flocked swabs have an elution rate of between 70% and 80%, a general idea for 
the number of cells remaining in the swab after elution can be examined (Table 
7). 
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Table 7 - Number of sperm cells recovered for each type of swab and the amount 
potentially left in the swab based on the literature. The estimated average number of 
cells for all types of tile in the total sample recovered for each type of swab in 
comparison to the potential average amount of cellular material remaining in each swab 
as previously calculated (16, 22, 25). 
 
Swab Type Estimated average 
number of cells 
recovered per swab type 
Average % left in the 
swab (16, 22, 25) 
Cotton 21525 ~89 
Polyester 27175 ~73 
Foam 12750 ~45 
           Nylon 7325 ~25 
 
Viewing the relationship between the number of cells recovered and the 
potential number of cells left in the swab, it becomes apparent that while 
polyester may have recovered a higher number of cells than the other swab 
types, the cotton swabs may have picked up many more cells from the sample 
on the tile but failed to elute them. Potentially then, combined with a digestive 
enzyme to separate the fibers of a cotton swab from the cellular material picked-
up (22), cotton fiber swabs maybe more effective overall. The higher number of 
cells within the swab becomes more important when processing forensic 
casework samples as generally only a portion of the swab is used. 
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4.2 Postcoital Swabs  
When the four different types of swabs were used for postcoital swabbing, 
the outcomes were different from that of the tile study. Initial postcoital swab kits 
included cotton fiber, polyester fiber, and polyurethane foam swabs. A second 
group of kits was distributed when nylon flocked swabs were introduced into the 
study.  After processing some of the swabs from group 1 (which were taken 
within 2 hours of intercourse), women in group 2 were asked to wait between 2 
and 12 hours after intercourse before swabbing. This was due to the high 
numbers of cells present in the group 1 samples. The women in group 2 waited 
either 7 (volunteer 89) hours or 10 hours (volunteer 88) before swabbing. Not all 
swab kits given out to either group were returned; some volunteers returned only 
one swab, and the data from these single swabs was not analyzed. 
The number of cells recovered from nylon flocked swabs was much higher 
than the cotton, polyester or foam swab when they were included in the 
postcoital swab kit. This suggests that the use of cotton swabs in sexual assault 
kits may not be the most effective method for taking vaginal samples after a rape 
has occurred. Benschop et al. (23) found that nylon flocked swabs were superior 
to cotton swabs when used as a postcoital swab. Nylon flocked swabs yielded 
25-50% higher cell counts microscopically even when they were used in 
consecutive sampling, and when analyzed, both the total DNA and the male 
portion of the DNA were higher with the nylon flocked swab. As with Benschop et 
al. (23), in this limited study the amount of cellular material recovered was higher 
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when a nylon flocked swab was used in relation to other types of swabs from the 
same volunteer. Potentially, the increased amount of cellular material is a result 
of the brush-like nature of the fibers in the flocked swab. Instead of fibers being 
parallel to the surface that is being swabbed, the nylon flocked swab’s fibers act 
on the surface perpendicularly. These perpendicular fibers provide more surface 
area closer to the surface of the swab (31), and are brush-like in their action so 
act to physically dislodge cellular material.  
Previous studies have shown the superiority of nylon flocked swabs at 
picking up and releasing cellular material, bacteria and viruses from the body (25, 
28, 30). When used as a nasopharyngeal swab, nylon flocked swabs recovered 
at least three times the number of respiratory epithelial cells than did a rayon 
fiber swab. This lead to the recovery of more than twice the number of cells 
infected with respiratory virus and respiratory syncytial virus (28). 
Nylon flocked swabs have also been compared to other types of more 
traditionally used swabs in other fields of microbiology. In a study by Dalmaso et 
al. (36) (sponsored by GSK manufacturing and Copan Italia), the flocked swab 
outperformed the rayon swab (the known “gold standard” (36 [191]) for microbial 
swabbing) when used on various surfaces that had been inoculated with a 
microbial solution within the laboratory. Nylon flocked swabs reportedly had an 
average of 60% recovery across the sample substrates and different microbes 
tested while the rayon swab recovered an average of only 20%. It was also noted 
that nylon flocked swabs had an average release rate of nearly 92% while rayon 
39 
 
swabs released an average of 21%. However, when Rose et al. (37) studied 
different methods to sample Anthrax spores, rayon swabs (1-24% recovery) were 
outperformed by cotton swabs (24-63% recovery) on a steel surface. This 
indicates that cotton swabs, may be comparable to nylon flocked swabs on a 
non-porous surface, which indeed was what Brownlow et al. reported when 
comparing cotton fiber swabs and nylon flocked swabs for recovering DNA from 
epithelial cells deposited on a petri dish (24). 
Certainly, even with a limited sample size, the results from the postcoital 
sampling in the present study compare to other findings when nylon flocked 
swabs are used as vaginal swabs (23). When analyzing the results of the 
postcoital swabs, caution was used as different males typically have different 
concentrations of spermatozoa in their semen. Given this information, it is 
impossible to know how many spermatozoa were present at the beginning of the 
postcoital period. The difference in the concentrations of spermatozoa in the 
semen of different males is evident when comparing the numbers of 
spermatozoa recovered in volunteer 88 and in volunteer 89.  Potentially, these 
variances could be countered with repeat samples from the same group of 
couples over a longer period of time; however, due to environmental factors such 
as heat, illness or stress, sperm cell levels constantly change even in healthy 
males (17). Although the sample size was limited, the relative numbers of 
recovered spermatozoa for each swab type were consistent across each study 
group. As the volunteers in group 1 swabbed so quickly post coitus, the 
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difference in the swabs is probably more a measure of how each swab eluted 
cells, and the high number of cells coming from the foam swab is consistent with 
the results of the previous Boston University Study (16) which found that 
polyurethane foam swabs eluted more cells than cotton or polyester. Because 
most of the samples in group 1 were taken so quickly after intercourse (within 30 
minutes for 4 of the 6 samples), the results were probably more similar to having 
neat semen dropped onto each swab. The group 2 results should be a better 
measure of how swabs both pick up and release cells in a manner consistent 
with that of sexual assault kit swabs because women waited for a longer period 
of time and one woman even showered before swabbing. 
The analysis of the postcoital samples was made difficult by the sheer 
numbers of cells that were collected, regardless of swab type. The method of 
using the +4 system did aid in comparing the numbers of cells in each sample. 
One variance within the data occurred because of the way each sample dried on 
the slide. Some samples spread out on the slide and some stayed in a small 
area, resulting in a variation in the number of fields each sample had.  The 
increased area of a sample on the slide would have an effect on how many cells 
were in each field. Indeed, as the number of fields increased, typically the 
number of lower count fields increased. For example, sample 3 C had a total of 
80 fields counted, in contrast with sample 3 F which only had 68 fields. Sample 3 
C had 50% of its fields labeled as +1 (between 1 and 10 cells); this contrasts with 
3 F which had only 4% labeled as +1. It is possible that a sample with a higher 
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amount of +1 fields and no +3 or +4 fields could actually have a greater number 
of cells than a sample with a lesser amount of +3 or +4 fields. This would make 
the average number for the +4 system irrelevant to the total number of cells in 
some samples. 
 However, because the numbers of cells in each field were actually 
counted (up to 40) an estimate of the minimum number of cells per sample was 
could be made. Because this number is an estimate, especially as the number of 
+4 categories gets higher, the maximum number of cells per field can’t be known, 
but it can be used to compare the general effectiveness of pick-up and elution for 
the different swab types.  
Not only do swabs differ in the ability to pick up and release cellular 
material, but according to Hulme et al. (38), the method of extraction also can 
increase both the amount of cellular material and the amount of male fraction 
DNA present. Distilled water was chosen for elution in this study instead of PBS, 
as both McGrath (16) and Martin et al. (39) found that there was no significant 
difference between the two when used for processing cellular material with the 
exception that PBS increased the elution yields in polyester swabs specifically 
(16). However, in studies of a two-step buffer elution method (Sperm Elution© 
Orchid Cellmark Inc, Burlington NC.) both Hulme et al. (37) and Giles (40) found 
that on a variety of different cotton and cotton blend cloth and on cotton swabs, 
respectively, the two-step method outperformed a typical water elution for both 
cell recovery and/or DNA male fraction recovery. This suggests that this elution 
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method might also aid in the release of material from other types of swabs as 
well. It is possible that the use of a two-step buffer elution process like the Sperm 
Elution© method would make an appreciable difference on swabs of any type 
regardless of the manner in which the swab was used or the substrate upon 
which they were used. 
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5. Conclusions 
Polyester and cotton swabs were more effective than nylon flocked and 
polyurethane foam swabs at recovering spermatozoa from all tile types in this 
study. When used to collect postcoital samples, however, nylon flocked swabs 
seemed to be the most efficient when collection of cells was between 7 and 10 
hours post coitus, but foam swabs recovered more when used less than 2 hours 
post coitus. The recovery of spermatozoa is a crucial part of a rape or sexual 
assault investigation. According to the above data, it seems that even if low cell 
counts are present on nylon flocked cells, higher amounts of DNA can be 
extracted (23). Certainly, swabs can have a variety of physical and chemical 
characteristics that make them better or worse at picking up various materials 
from different substrates. 
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6. Directions for Future Study 
Future studies should examine how different swabs can excel at collecting 
biological material on some surfaces or in some conditions, but will fail in others. 
It would be prudent to further investigate the properties of swabs and their 
efficacy at picking up and releasing sperm cells on different mediums. This could 
be done by adding more repetitions in a similar study using various non-porous 
solid surfaces with the same or a similar collection of swab types. It may also be 
true that various cellular materials respond to different types of swabs in different 
ways. A double swab technique where a moist swab is used and followed by a 
dry swab in order to pick up residual cellular material should also be examined 
for a range of different solid surfaces. 
Because elution methods have an impact on the recovery of cellular 
material and DNA (38, 40), it would also be beneficial to conduct more studies of 
the methods used to elute cells for the purpose of DNA analysis. Different 
methods of elution and or swab digestion could prove to be more effective in 
releasing cellular material which has been wicked into the interior of fiber swabs, 
especially cotton fiber swabs. Cellular counts should be performed in conjunction 
with a DNA analysis of the sample. 
Another direction to be included in a future study would be to determine at 
what point it becomes impossible to detect spermatozoa from a substrate. The 
minimum number of cells that need to be present in order to reliably recover 
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some portion of them should be evaluated, as well as how long a stain could last 
on any type of surface. If sperm cells persist in a washing machine and on fabric 
after being washed with detergent (9, 19), they could potentially persist on a non-
porous or semi-porous surface after washing as well. An evaluation of different 
methods of cleaning on the persistence of cellular material could also be 
performed. These types of studies may impact forensic scientists and crime 
scene technicians who are deciding whether or not to attempt to collect evidence 
if more than a few hours or days have passed since an assault took place. 
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